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Introduction
Turkish immigrants form the largest ethnic minority in Germany. In 2011, according to the national census, there were almost three million people with a current or previous Turkish nationality living in Germany, accounting for 18.5% of the German population with an immigration background, as well as 3.6 % of the country's entire population (see Germany Federal Office of Migration and Refugees (2013) ). The majority of these Turkish immigrants live in West Germany, including Berlin. 1 Similar to African Americans or Hispanic immigrants in the United States, Turkish immigrants in Germany often have a lower social status than the host population and thus face segregation in education and the labor market (see, among others, Glitz (2014) , Euwals et al. (2007) and Humpert (2014) ).
There are increasingly more studies on health inequalities between immigrants and native-borns, as well as among different racial and ethnic groups in developed countries. Regarding Germany, existing studies in the discipline of public health have already shed light on the difference in health status and health care use between immigrants and native-borns. Among these studies, Glaesmer et al. (2011) find that firstgeneration immigrants strongly differ in their health care use compared to native-born Germans and second generation immigrants, focusing on primary care (i.e. the dayto-day health care given by health care providers such as community health centers). The results of Kotwal (2010) show that both first and second generation Turks tend to have lower chronic illness rates and rate their health as being better than Germans at younger ages, although the advantage diminishes among higher age strata for the first generation. Other contributions also indicate high rates of being overweight and obesity among Turkish children, adolescents and adult women (see Kirchengast and Schober (2006) ) in Vienna, Austria, but not for male adult Turkish immigrants. However, surprisingly little is known about the difference in body mass index (weight relative to the square of height, referred to as BMI hereinafter) or obesity prevalence between Turkish immigrants and German native-borns in Germany.
Our analysis contributes to answering the question of whether differences in BMI between Turkish immigrants and native Germans could be mainly explained by differences in socioeconomic characteristics or whether they are mainly due to unobserved genetic 2 and behavior differences. From the perspective of economists and 1 Federal Statistical Office of Germany (2014) shows that 2,771,000 Turkish immigrants lived in West Germany and Berlin in 2013, while only 22,000 Turkish immigrants lived in East Germany 2 Some epidemiology literature indicates that differences in the basal metabolic rate (the minimal rate of energy expenditure in maintaining basic body functions during an awake, but totally rested and post-absorptive state, and in a neutrally temperate environment) or resting metabolic rate (a form of metabolism measurement that measures the amount of energy used by the bodies in a relaxed, but not post-absorptive, state) between race or ethnicities (i.e. see Cole and Henry (2005) for a meta analysis public health scientists, the difference in obesity prevalence between Turkish immigrants and German native-borns is a matter of concern, given that obesity has been linked to numerous chronic diseases 3 , such as type-2 diabetes, coronary disease, hypertension, breast cancer or colon cancer, etc. (see McGee (2005) ) All of these problems place pressure upon the health care system by increasing health care costs for the German society. 4 In addition, inequalities in BMI between different ethnic groups may be a refection of other inequalities in socioeconomic status (see, among others, Morris (2006) 5 ).
Economic analysis explaining the differences in adiposity (i.e. the state of being fat) between population subgroups are mainly attributed to differences in socioeconomic status, given that low socioeconomic status is often associated with being obese in developed countries; however, the real situation is very heterogeneous and causal links are very complex. Among others, Pampel et al. (2012) used BMI data for 67 countries from across the world to examine the relationship between obesity, economic development and socioeconomic status, including education, occupation and income, finding that those with higher socioeconomic status were less likely to be obese in higher income countries. Cawley et al. (2005) found that obesity is associated with lower earnings for German women, although their IV results yield no evidence of a causal impact of weight on earnings for women or men in Germany. Etile (2014) found that educational expansion in France reduced overall BMI inequality between 1981 and 2003. Previous literature has also found that physical activity (see Burke and Heiland (2011)) and energy intake (see Johnston and Lee (2011) ) account for a large part of the obesity gap between African Americans and non-Hispanic whites in the United States. 6 This paper starts by estimating the mean BMI gap between Turkish immigrants and German natives, using the Blinder-Oaxaca decomposition proposed by Blinder (1973) on 174 papers published between 1914 and 2001 that focused on basal metabolic rate differences between Caucasians and non-Caucasians) may be another explanation for the ethnical BMI gap, although other studies argue that a racial difference in the basal metabolic rate may not exist (e.g. Cruickshank (1999) ). We have not found any literature investigating the differences in basal metabolic rate between Turkish immigrants and native-borns in Germany. Moreover, if differences in the basal metabolic rate between Turkish immigrants and native Germans causes the BMI gap, we would expect to observe a similar level of BMI gap for both women and men, although our empirical results indicate that the immigrant/German native-born BMI gaps disparity is particularly high for women and much lower for men.
3 Empirical evidence from the U.S. has found that the female black-white weight gap in the U.S. is a significant problem because it causes black-white disparities in type-2 diabetes and excess risk factors (see Brancati et al. (2000) 4 In 2008, the hospital expenditure on obesity and other hyperalimentation in Germany was 863 million Euros, and on diabetes was 6,342 million Euros(see Federal Statistical Office of Germany (2010)).
5 Morris (2006) suggests that the black-white obesity disparity in the U.S. contributes to existing black-white disparities in socioeconomic status if obese persons are discriminated against in the labor market. 6 The results of Johnston and Lee (2011) contrast starkly with those derived in Burke and Heiland (2011) concerning the main driving force behind the female black-white obesity gap in the U.S. and Oaxaca (1973) . From the perspective of public health, the mean BMI difference is too restrictive, since the upper tail of the BMI distribution attracts greater concern, particularly for individuals whose body mass index is higher than 30. Hence, the quantile decomposition method is useful in this setting, as the quantile estimates of the BMI gap at the upper tail of the BMI distribution, e.g. at the 75th and 90th quantile of the BMI distribution, can provide more relevant implications for government policies aiming to reduce obesity.
Our empirical results reveal the existence of obesity disparity between Turkish immigrants and German native-borns, whereby female Turkish immigrants are more obese than Germans, while no significant difference in obesity prevalence exists between male Turkish immigrants and male Germans. The BMI gap is much larger for women than men for most quantiles. Our empirical results also indicate that differences in BMI are due to differences in both observable characteristics and unobserved obesity behavior (i.e. eating habits, physical activities etc.). Overall, our estimates indicate that about half of the mean BMI gap among women (about 50%) can be explained by differences in observed characteristics. The difference between the median BMI for female Turkish immigrants and female German native-borns is smaller than the corresponding gap at the 75th percentile, suggesting that the obesity disparity is larger among fatter rather than thin women. However, for men, the difference in median BMI between Turkish immigrants and German native-borns is larger than the corresponding gap at the 75th percentile.
Our empirical results may particularly assist policy-makers to design anti-obesity policies in a more effective way, by addressing specific target subpopulation groups. Furthermore, our empirical results help to better predict the effects of integration policies. If differences in adiposity between Turkish immigrants and German native-borns could mainly be explained by observed differences in education, labor market and occupational status and income, then integration policies aimed at helping Turkish immigrant children to gain more education and labor market integration policies targeting at socioeconomically disadvantaged immigrants could be effective in reducing obesity rates among Turkish immigrants in Germany. If differences in socioeconomic status cannot explain a significant part of the adiposity gap, policy-makers may focus more on policies aimed at directly helping obese Turkish immigrants to developing health behavior, e.g. reducing their food intake and improving their physical activities, etc.
The remainder of this paper is organized as follows. In section 2, we describe our data used and present descriptive statistics concerning the outcomes of interest. Section 3 discusses the methodological approach. Section 4 presents the decomposition results, before section 5 concludes.
Data and Descriptive Statistics
Our empirical analysis employs data from the German Socio-Economic Panel(SOEP). The SOEP, which started in 1984 and is managed by the German Institute for Economic Research (DIW Berlin), is a nationally representative longitudinal survey of approximately 20,000 persons in 11,000 private households in the Federal Republic of Germany. Further details can be found in Wagner et al. (2007) . 7 The dependent variable is BMI, which is calculated as weight in kilograms divided by height in meters squared. Self-reported body weight and body height have been asked in the SOEP questionnaire every two years since 2002. Therefore, we use SOEP data for the years 2002, 2004, 2006, 2008, 2010 and 2012 . The identifier of Turkish immigrants is constructed from the following question in SOEP: "What is your country of origin?". We treat individuals who answer "2" (Turkey as country of origin) as Turkish immigrants, and individuals who answer "1" (Germany as country of origin) as Germans. 8 For our main analysis, we focus exclusively on individuals aged between 20 and 65 who have valid information on body weight and body height, 9 although we drop respondents for whom height or weight were imputed. We also drop all observations in East Germany because the SOEP does not observe Turkish immigrants who live in East Germany. We pool data from different waves, whereby our final sample comprises 948 person-year observations for female Turkish immigrants, 29,610 for female German native-borns, 1,053 for male Turkish immigrants and 27,504 for male German nativeborns. 10 Summary statistics by gender and immigration status pooled for person-waves are presented in Table 1 . The average BMI in our sample is 27.797 for female Turkish immigrants, 24.977 for female Germans, 26.957 for male Turkish immigrants and 26.469 7 SOEP collects information on individuals' demographics, socioeconomic status, self-reported health, income, etc. The survey includes weights to make the sample representative, given that it oversamples immigrants and high-income households. All estimations in this paper are weighted using SOEP sampling weights 8 In this paper, we treat second generation Turkish immigrants born in Germany as German natives. We also estimated models for different subsamples. The results of the decomposition analysis, however, did not vary significantly when the second generation Turkish immigrants subsamples are excluded from the group of German natives. Additional decomposition results excluding the second generation Turkish immigrants are available upon request. 9 The variables used in this paper were extracted using the Add-On package PanelWhiz for Stata. PanelWhiz was written by Dr. John P. Haisken-DeNew (john@panelwhiz.eu). The PanelWhiz generated the do file to retrieve the SOEP data used here. Any data or computational errors in this paper are my own. Haisken-Denew and Hahn (2010) describe PanelWhiz in detail. 10 The reported decomposition results are based on a pooled cross-sections analysis including five year dummies. We also estimated models for separate crosssections. The results of the decomposition analysis, however, did not vary significantly between the different cross-sections.
for male Germans. 65.5% percent of the female Turkish immigrants in our sample are either overweight or obese, compared to 41.2 % of German native-born women. 70% percent of the male Turkish immigrants in our sample are either overweight or obese, compared to 59.6% of German men. All BMI differences are statistically significant across immigrant status for women at the 1% significance level, and at the 5% significance level for men.
(Insert Table 1 here) Throughout our empirical analysis, we control for age and its square, years of schooling and its square, three dummy variables for marital status (i.e. a dummy variable for being single, and a dummy variable for being separated or widowed with married acting as reference group), the number of children in the household and net annual household income, three dummies for an individual's area of residence (i.e. a dummy variable for rural areas, a dummy variable for areas under urbanization, with urban areas acting as a reference group), four dummy variables indicating the labor market status (not participating, retired, registered unemployed, in training, and part-time job, with full-time job acting as a reference group), as well as four interaction terms with occupational status (part-time job × white-collar job, part-time job × not white/bluecollar jobs, full-time job × white-collar jobs and full-time jobs × not white/blue-collar jobs, with blue-collar full-time workers acting as a reference group). Due to the data availability, we do not control for direct determinants of body weight such as energy intake, energy expenditure and sport activities. Table 1 further shows the differences in socioeconomic characteristics between Turkish immigrants and German natives for both males and females. Significant differences in the means are stated for many characteristics for which we control. Among women, Turkish immigrants in the sample are on average 1.6 years younger compared to German native-borns, have 2.8 years less schooling, around 8,600 Euros less household income, are more commonly married and live in urban regions, have more children, less commonly have a full-or part-time job and are more commonly unemployed or inactive in the labor market. When comparing the differences in characteristics among male Turkish immigrants and male German native-borns, the former are on average only 0.286 years younger in age, but still have 2.468 years less schooling, around 10,000 Euros less household income, are more commonly married and live in urban regions, have more children, less commonly have a full-or part-time job and are more commonly unemployed or inactive in the labor market. shows that the BMI gap between male Turkish immigrants and German men is largest at the point close to the 10th percentile, before this gap decreases as BMI increases. Interestingly, in stark contrast with women, the BMI gap is negative after the 75th percentile, indicating that extreme obesity is more prevalent among male Germans than male Turkish immigrants.
(Insert Figure 1 here) 
Decomposition Procedures
The aim of this paper is to determine the proportions of the male and female BMI gap that can be attributed to differences in socioeconomic status between Turkish immigrants and German native-borns. Specifically, we determine the proportion of the BMI gap that is attributable to differences between Turkish immigrants and Germans in observable factors, including age structures, education, labor market and occupational status, marital status, household income and residential location. Our empirical analysis comprises two decomposition procedures: the Blinder-Oaxaca decomposition (hereafter BO decomposition) and the distributional decomposition based upon conditional quantile regression (see Firpo et al. (2009) ). 11 We first apply a BO procedure that permits the decomposition of differences in mean BMI into a part caused by differences in observed characteristics (explained part) and a part due to differences in estimated coefficients (unexplained part). 12 The differences in coefficients (unexplained part) may reflect differences in health behaviors between the group of Turkish immigrants and German natives
The main advantage of applying the BO procedure for the decomposition of mean differences between two groups is that it is easy to implement. However, the BO procedure is strictly based upon the assumption of the linear and parametric relationship between BMI and observed characteristics. This is particularly problematic in our application, given that the relationship between socioeconomic characteristics and BMI may be highly non-linear. The non-linearity implies that empirical BO models assuming that BMI is linearly separable in various socioeconomic variables are not correctly specified. Figure 1 already shows that the BO decomposition of the mean BMI disparity does not accurately reflect the BMI gaps at other points in the BMI distribution, 11 In the appendix C of the supplimentary material, we also provide the decomposition of distributions based upon the unconditional quantile regression as a robustness check. 12 The following assumptions are implicit in the BO procedure: (1) Y is linearly related to the covariates X, whereby Y gi = X i β g + ν gi ; and (2) the error term ν is conditionally independent of X: E ν g |X = 0 indicating the potential for socioeconomic characteristics having differential effects on the BMI of fat and thin persons. Therefore, in the next step, we go beyond the mean decomposition of the BMI gap and decompose the BMI differences throughout the BMI distribution. We are aware of only one other study that adopts a distributional perspective when addressing the obesity gap between population subgroups. Johnston and Lee (2011) decomposed the female black/white obesity gap on different points of the BMI distribution using the non-parametric reweighting method developed by DiNardo et al. (1996) .
The regression specification of the detailed BO decomposition is shown in equation (1):
where the BMI gap is defined as ∆ µ BMI = BMI T − BMI G . BMI T is the average BMI of the Turkish immigrant group, BMI G is the average BMI of the German native-born group 13 . X K is a vector of average values of the K-1 independent variables and the constant term.β is a vector of coefficient estimates for population subgroup. The first term of equation (1) 
k represents the proportion of the mean BMI gap that can be explained by differences in each observed socioeconomic factors, while the remaining components on the right hand side of equation (1
Gk represents the proportion of the mean BMI gap that can not be explained by observed characteristics. β * K is the weighting matrix of coefficients for the group differences in the observed characteristics between Turkish immigrants and Germans. Several suggestions have been made in existing literature concerning the choice ofβ * K . For instance, Oaxaca (1973) and Blinder (1973) Cotton (1988) and Reimers (1983) propose thatβ * K is the weighted average of the β Tk and β Gk . 15 Oaxaca and Ransom (1994) and Neumark (1988) suggest using the coefficients from a pooled 13 BMI T f is the average BMI of the female Turkish immigrant group and BMI Tm is the average BMI of the male Turkish immigrant group. BMI G f is the average BMI of the female the male German nativeborn group, and BMI Gm is the average BMI of the male German native-borns group.
14 In case ofβ * K = β Tk , the differences in observed characteristics are weighted by the coefficients of the Turkish immigrant group and the differences in the coefficients are weighted by the observed characteristics of the German group, with the presumption that the BMI of Turkish immigrants is due to their observed characteristics, while Germans are unduly less obese. By contrast, the presumption of β * K = β Gk is that the BMI of Germans is due to their observed characteristics, while Turkish immigrants are more obese owing to unexplained coefficients effects. The differences in observed characteristics are weighted by the coefficients of the German group and the differences in the coefficients are weighted by the observed characteristics of the poor group.
15 Cotton (1988) suggests weighting the coefficients by the mean of the coefficient vectors for the two groups, namelyβ * K = 0.5 × β Tk + 0.5 × β Gk . Similarly, Reimers (1983) proposes weighting the coefficient vectors by the proportions in the two groups. model over both groups as the reference coefficient. Jann (2008) suggests including a group indicator in the pooled model as an additional covariate, because a pooled model without group status dummy may "inappropriately transfer some of the unexplained parts of the differential into the explained component". 16 In this paper, we perform decompositions using the weights proposed by Oaxaca (1973) , Blinder (1973) , Neumark (1988) and Jann (2008) and focus on interpreting the results of decomposition using coefficients from a pooled model over both groups as the reference coefficients, with the status of German native-borns being included in the pooled model as an additional covariate.
We also apply the unconditional quantile approach developed by Firpo et al. (2009), 17 which evaluates the impact of changes in the distribution of the observed characteristics on quantiles of the unconditional marginal distribution of the BMI distribution. The proposed method firstly runs regressions of the recentered influence function (RIF). 18 of the unconditional quantile on the observed characteristics, before estimating detailed decomposition results at different percentiles of the BMI distribution. The RIF is simple and easily computable for each quantile of interest. By assuming RIF-OLS regressions locally, we do not need to evaluate the global impact at all points of distributions.
RIF decomposition involves a two-step procedure that decomposes changes or differences in the distribution of BMI between Turkish immigrants and Germans. The first step relies on an influence function (IF) at each quantile τ of the distribution of the outcome variable BMI, which is specifically defined as:
where
τ)|X] = Xγ, a RIF regression replaces the dependent variable Y in a standard regression as the recentered influence function of the statistic of interest, in case of decomposing distributional differences between groups in each quantile.
In the second step of the procedure, we can apply OB type decomposition at various quantiles calculated by the RIF regressions. Assume that the coefficients of the unconditional quantile regression for each group at the quantile point τ are:
Subsequently, we can write the OB type decomposition at any unconditional quantile point as:
The first term in equation (4) is the explained part of the BMI gap that can be computed in the same way as for the mean decomposition in equation (1). Similarly, as in the case of the mean decompostion, the detailed decomposition of the unexplained part can also be computed subject to different weightsγ * k,τ of the coefficients effect. We will follow Jann (2008) and use coefficients from the pooled model that includes a group indicator as an additional covariate. Table 2 first show the results of four regressions of OLS estimates when different reference groups surve as weighting matrix of BO decomposition in our analysis of BMI gap between Turkish immigrants and German native-borns.
Decomposition Results

Similar to O'Neill and O'Neill (2006),
Column (1) of Table 2 reports coefficients of the subsample female Turkish immigrants group, column (2) reports German native-borns coefficients, column (3) reports the coefficients of the pooled sample of females without the dummy of German group status, as proposed in Neumark (1988) , and column (4) reports coefficients of the pooled sample with the dummy of German group status, as proposed in Jann (2008) . Column (5) of Table 2 reports coefficients of male Turkish immigrants group, column (6) reports male German native-borns coefficients, column (7) reports the coefficients of the pooled sample of males without the dummy of German group status, as proposed in Neumark (1988) . Column (8) reports coefficients of the pooled sample of males with the dummy of German group status, as proposed in Jann (2008) . The year dummies are added in all eight OLS regressions in order to control for the time trend of BMI.
(Insert Table 2 here)
Blinder-Oaxaca decomposition results
The empirical BO decomposition of this paper uses Jann (2008) procedures in Stata. We mainly focus on the decomposition results reported in column (4) of Table 3 , which perform the decomposition using coefficients from a pooled model over both groups as the reference coefficients, with the group dummy included as an additional covariate. We make use of bootstrap standard erros with 100 replications for all estimates in Blinder-Oaxaca decompostions, because Jann (2005) shows bootstrap standard errors of the decomposition results to be unbiased when sampling distributions are not known and regressors are stochastic.
The first row in Table 3 displays the total mean difference in average BMI (2.82 BMI points) between female Turkish immigrants and female Germans. The mean BMI difference is significant at 1% level. Column (4) of Table 3 reports that the total explained effect accounts for 47.1% of average BMI gap. Going across columns (1) to (4) to compare decomposition results performed with different coefficients, we find that observed characteristics play almost the same role as unobservables in explaning the average feamle Turkish immigrant/German BMI gap. Table 3 also reports the contribution of each groups of variables to explained effects(panel A) and unexplained effects (panel B) of the BMI gap between female Turkish immigrants and female Germans 19 . Here we group the observable characteristics into five groups: (1) the group of demographic factors includes variables age age 2 ,dummy of being single,dummy of being separated, number of children in households, two dummies of residing in rural regions and regions under urbanization; (2) the group of education includes the variables years of schooling and years of schooling 2 ; (3) the group of labor market and occupational status include variables that indicating full-time jobs, part-time jobs, white collar, blue collar, other jobs, in training, registered unemployed, retired, not participating in labor market; (4) annual household income ; and (5) the group of year dummies. A comparison accross columns in Table 3 show that the estimated results for explained effects and the unexplained effects are rather similar when various weights are used to calculate counterfactuals. Years of schooling and years of schooling 2 together stand out as the factors with the most explanatory power (1.089 out of 2.820, or 38.4%) for observed obesity disparity. Compared to education, the impacts of other groups of variables or single variables on the BMI gap are rather small. For example, explained effects linked to household income only account for 2.4% of the mean BMI gap, the labor market and occupational status and the demographic factors account for 2.4% and 4.0%, respectively. The year fixed effects re-duce the BMI gap by -1.8%, suggesting that the explained part of the obesity disparity has shrinked between year 2002 and 2012, once other observed observed factors are controlled for.
(Insert Table 3 here)
The first row of Table 4 reports the mean BMI difference (0.461 BMI points) between male Turkish immigrants and male German native-borns, which is statistically significant at the 1% level. As with the BO decomposition procedures for women, we follow O' Neill and O'Neill (2006) and use four different coefficients to weight the coefficients effect. Going across columns (1) to (4) to compare decomposition results performed with weighting matrix of coefficients, we find that observed characteristics play much stronger role in explaining the average male BMI gap than females, although the average male BMI gap is much smaller than the average female BMI gap. Column (4) of Table 4 reports that the total explained effect accounts for 78.5% of average BMI gap. Table 4 also reports the contribution of group variables and single variables to the explained (the middle panel) and the unexplained part (the bottom panel) of the BMI gap between male Turkish immigrants and male German native-borns. Here, we also group our controlling variables and present the contributions of groups of variables rather than each control variable, following the same rule as in section 4.1. Age, family status, region, etc. together stand as the group of factors with the strongest explanatory power (0.192 out of 0.461 BMI points, or 41.6%) for observed obesity disparity. The impact of years of schooling and years of schooling 2 together also have a large explanatory power (0.153 out of 0.461 BMI points, or 33.2%). Explained effects linked to the labor market and occupational status account for 20.1%, although household income does not have a statistically significant effect on the male BMI gap. The year dummies together reduce the BMI gap by -11.8%, suggesting that the explained part of the obesity disparity shrinks between 2002 and 2012, after having controlled for other observed factors.
(Insert Table 4 here)
RIF regression decomposition results
As shown by figure 1, the BMI disparity for both women and men are not constant along with the BMI distribution. Such a pattern underscores the importance of examining BMI differences throughout the distribution. Therefore BO decomposition of mean obesity difference cannot reflect the hetegeneous gap between Turkish immigrants and Germans for fat and thin people, resulting in misleading decomposition results. Table 5 presents the OB type BMI gap decomposition at the 10th, 25th, 50th,75th and 90th percentiles of the unconditional distributions of BMIs with full controls for observed characteristics. The OB type decomposition procedure based upon the RIF-OLS regression corresponds to the coefficients suggested by Jann (2008) as the reference coefficicents to calculate counterfactuals. The first row of Table 5 reports that conditional on observed characteristics, female Turkish immigrants have higher BMI than female Germans throughout the BMI distributions. Overall, it appears that the differences in BMI between female Turkish immigrants and female Germans at the median and the 75th quantile are largest. Column (3) shows the BMI gap (3.274 BMI points) for women at the 50% quantile, which is larger than the mean BMI gap estimated in Table 3 and at the 10% and 25% quantiles. Column (4) reports that the BMI gap at the 75% quantile is 3.919 BMI points, which is larger than the BMI gap at the median. Column (5) reports that the BMI gap for women at the 90% quantile is 3.031 BMI points, which is smaller than the median and larger than the mean. At the 50% quantile and 75% quantile, observed characteristics play almost the same role as unobserved obesity behaviors in explaning the feamle Turkish immigrant/German BMI gap, with 45.2% and 51.9% of the BMI differential explained by observed characteristics,respectively. At the 90% quantile, the major part of the BMI differential is due to observed characteristics(77.9%).
Overall, it appears that the differences in BMI between female Turkish immigrants and female Germans are significantly due to differences in observed characteristics at the mean, median and 75th quantiles. The main contribution to the BMI gap is provided by education throughout the BMI distributions. Household income also plays a constant role in explaining the female BMI gap, whereas the role of the labor market and occupation status and demographic factors are somewhat mixed. Observing the columns to compare the coefficients of each group of variables, education explains 39.5%, 44.7% and 66.3% of the female BMI gap at the 50%, 75% and 90% percentiles, respectively, whereas household income explains 2.8%, 4.4% and 11.9%, respectively. This reveals the fact that the explained part is greater at upper quantiles of the BMI distribution. Consequently, integration policies targeted at reducing education disparities between female Turkish immigrants and female Germans may be more effecting in reducing obesity in Germany. The labor market and occupational status plays no role at the 50% and 75% percentiles, while it explains 13.9% of the BMI gap at the 90% percentile. Demographic factors such as e.g. age, family status and residential area plays no role at the 75th percentile, while interestingly differences in demographic factors reduce the explained part of the observed obesity gap at the 90th percentile. We also find that the negative coefficients of year fixed effects in the explained part of the BMI at various quantiles show a time trend reducing the BMI gap between female Turkish immigrants and female Germans. We do not discuss the detailed decomposition of the coefficient effect because none of the estimated coefficients are statistically significant, except at the 90th percentile.
(Insert Table 5 here) Table 6 reports the estimated BMI gap of the RIF-OLS regression at the 10th, 25th, 50th, 75th and 90th percentiles of the BMI distribution, as well as corresponding detailed decompositions. In contrast to the female population, the BMI distribution of male Turkish immigrants relative to male Germans varies little throughout the top three-quarters of the BMI distribution. Overall, it appears that the BMI gap between male Turkish immigrants and male Germans is sizable among individuals at the 10th, 25th and 50th percentiles, yet small and statistically insignificant among fat individuals at the 75th and 90th percentiles. In contrast to BMI at other percentiles, the BMI gap is negative (-0.529 BMI points) at the 90th percentile of the BMI distribution, indicating that extreme fatness is more prevalent among male Germans than male Turkish immigrants.
(Insert Table 6 here)
Conclusion
Our empirical approach is based upon decomposing BMI differences between two subpopulation groups into a component that can be explained by observed socioeconomic status and unobserved behaviors. To the best of our knowledge, this is the first attempt to consider the role of socioeconomic status in explaining BMI differences between Turkish iImmigrants and German native-borns in Germany, applying both a BO method to examine the BMI gap at the mean and a quantile regression framework to examine the BMI gap along BMI distributions. Compared with the standard BlinderOaxaca decomposition of mean differences between population subgroups, the distributional decomposition method based upon unconditional quantile regression provides additional insights into the potential heterogeneous Turkish immigrant/German native-born BMI gap concerning both fat and thin persons, with important differences in the explained part of the BMI gap observed between the results of conditional quantile and unconditional quantile methods.
Our empirical results confirm that large BMI differences exist between adult female Turkish immigrants and native Germans. This study demonstrates that education is an important driving force behind the mean female Turkish immigrant/German nativeborn BMI gap. Moreover, differences in household income and labor market and occupational status also account for the observed BMI gap among women at the 90th percentile. Compared to women, there is much smaller mean gap in BMI between male Turkish immigrants and male Germans. Comparing the male BMI gap at various quantile points, we find a small and statistically insignificant BMI gap at the 75th and 90th percentiles. Although we do not investigate changes in BMI over time, the results from this paper provide new empirical evidence of health inequality and BMI assimilation. Accordingly, the negative coefficients of group of year dummies at mean and various quantiles suggest a decreasing Turkish immigrant/German native-born BMI gap between 2002 and 2012.
The main policy implications of our results are as follows. For obese women, antiobesity policies may address female Turkish immigrants and female Germans differently, because around 50% of the obesity gap at mean, the 50th quantile and 75th quantile are attributable to differencens in obesity behavior other than differences in observable characteristics. It may not be necessary for public policies targeting obese men to distinguish between male Turkish immigrants and German native-borns. shows the BMI gap among women is increasing as the quantile of BMI increases, while the BMI start to decrease among the extreme fat group (approximately 90th quantile or higher), 2(b) shows that for for men, the BMI between Turkish immigrants and German native-borns is largest at the point close to 10th percentile, then the BMI gap decreases as the quantile of BMI increases. Interestingly, contrast starkly with women, the BMI gap is less than 0 after the 75th percentile, indicating that extre fatness is more prevalent among male German native-borns than male Turkish immigrants. Data source: German SocioEconomic Panel(GSOEP). are weighted using the SOEP weight. Linearized standard error in parentheses, the significance level of the mean differences are calculated using a t-test. * p < 0.1, * * p < 0.05, * * * p < 0.01. Table 2  Table 2  Table 2  Table 2 Mean Coef. Coef. from col. 5, from col. 6 from col. 7 from col. 8 Table 2  Table 2  Table 2  Table 2 Estimations are weighted using SOEP sampling weights. Standard error in parentheses are robust and clustered at the level of SOEP primary sampling units (2799 clusters). * p < 0.1, * * p < 0.05, * * * p < 0.01 The referece group is a married individual living in urban regions and having blue collar full time job. Age,family status,region, etc: Age, Age 2 , single, separated, no. children in HH., residing in rural regions, residing in regions under urbanization Education: years of schooling, years of schooling 2 Labor market and occupational status: part-time jobs,four interactions indicating occupational status (part-time job × white collar job, part-time job × not white/blue collar jobs, full time job × white collar jobs and full-time jobs × not white/blue collar jobs) in training, registered unemployed, retired, not participating in labor market The corresponding percentages of the raw BMI gap are reported in the bracket. 
Appendices Appendix A Variable description
Appendix C Decompostion based on condidional quantile regressions
For comparison reasons, this section provides quantile decomposition results based upon conditional quantile methods (see Koenker and Bassett (1978) ).
The Machado-Matta procedure (hereafter MM procedure) is based upon conditional quantile regressions, as first proposed by Mata and Machado (2005) and further developed by Melly (2005) and Chernozhukov et al. (2013) . The MM procedure suggests a linear functional form specification in the independent variables X, which can be estimated using conditional quantile regression methods. It simulates and draws quantiles at random, constructing counterfactual distributions before inverting back globally to recover counterfactual quantiles.
In our application, the MM decomposition procedures redecomposed the distributional difference of BMI between Turkish immigrants and Germans by estimating the inverse conditional distribution function for the group of German native-borns in the imputation function of BMI observations for the group of Turkish immigrants, i.e.
where X is a vector of control variables, T refers to the group of Turkish immigrants and G refers to the German native-borns group.
MM procedure draws quantiles τ s from a uniform distribution s = 1,...,S at random through simulations. The conditional distribution function F BMI T |X T describes the stochastic assignment of BMI with characteristics X for Turkish immigrants and the τ th quantile of the BMI distribution for Germans is τ T (BMI|X) = F BMI G |X G (BMI|X), τ ∈ (0, 1),. Both BMI C G and τ T (BMI|X) follow uniform distribution. Therefore, the functional form of the conditional quantile regression model can be written as:
In detail, in the first step, a simulated τ s is drawn randomly from a uniform distribution s=1,...,S, before a linear quantile regression for the τ s th quantile is estimated. Gs to obtain the coefficient effect and the composition effect. 20 The counterfactual distribution is estimated by cdeco using the conditional distribution of the dependent variable BMI given independent variables in the sample with group=0 (German native-borns) and the independent variable distribution in the sample with group=1 (Turkish immigrants).
There are discussions concerning the links and differences between conditional quantile and unconditional quantile regressions. Among others, Mata and Machado (2005) suggest that conditional distribution F Y|X (y|X = x) has to be integrated over the distribution of X to obtain the unconditional distribution of Y ,i.e. F y . Firpo et al. (2009) points out that "quantile regression estimates cannot be used to assess the more general economic or policy impact of a change of X on the corresponding quantile of the unconditional distribution of Y." Borah and Basu (2013) concludes that conditional quantile regression may generate results that are often not generalizable or interpretable in a policy or population context. By contrast, the unconditional quantile regression method provides more interpretable results as it marginalizes the effect over the distributions of other covariates in the model. However, one limitation of the MM method is that it involves a large number of tedious computations for our data set, with more than 60,000 person-year observations. Moreover, we could only obtain aggregate decomposition results by using the MM methods, as opposed to detailed decomposition results. Table C1 reports the results of the MM method using Melly's procedure with full controls for age, education, labor market and occupational status, household income and year dummies. The MM method is applied in our BMI gap decomposition using the unobserved obesity behavior for Germans as a reference group. The estimates are computed using the stata implementation "cdeco"(see Chernozhukov et al. (2013) ).
Panel A of Table C1 reports the results among women, whereby the estimated BMI gaps obtained by MM methods are consistent with those obtained by the RIF-OLS regression.
The results of the aggregate decomposition reported in the first three rows of C1 show that explained effects play a large role in BMI disparity at the 10th, 25th and 50th percentiles. Moreover, explained and unexplained effects are almost equal at the 75th percentile point, while the unexplained effects are much more important at the top distributions (i.e. 90th percentiles). Indeed, some significant behavioral effects emerge at the 90th percentile. However, in the aggregate decomposition, the explained and unexplained parts at all five percentiles estimated by RIF regressions vary with those obtained by the MM method with conditional quantile regression. Observing the columns to compare the quantile decomposition effects, we find that the RIF regression estimates lower values of explained effects at the 10th, 25th and 50th percentiles of the BMI distribution, whereas the estimated BMI gap attributable to characteristics is much larger than the MM decomposition results at the top (90th and 75th percentiles) of the BMI distribution. Table 6 of the paper, the difference in the BMI gap between the RIF-OLS estimates and MM estimates tends to be very small, while estimates of the explained and unexplained parts of the BMI gap tend to vary substantially across different percentiles. Table D2 provides estimates of model (6) for the male Turkish immigrants/German native-borns BMI gap. Column (1) reports BO decomposition with full controls for age, education, labor market status, occupation, household income and year fixed effect. Column (2) to (6) report the OB-type decomposition of the RIF regressions at the 10th, 25th, 50th, 75th and 90th percentiles of the unconditional distribution of BMIs with full controls dependent variables. Weighted estimation using weights provided by the SOEP. Standard error in parentheses are robust and clustered at the level of SOEP primary sampling units (2799 clusters).The referece group is a married individual livng in urban regions andhaving blue collar full time job. * p < 0.1, * * p < 0.05, * * * p < 0.01 Age,family status,region, etc: Age, Age 2 , single, separated, no. children in HH., residing in rural regions, residing in regions under urbanization Education: years of schooling, years of schooling 2 Labor market and occupational status: part-time jobs,four interactions indicating occupational status (part-time job × white collar job, part-time job × not white/blue collar jobs, full time job × white collar jobs and full-time jobs × not white/blue collar jobs) in training, registered unemployed, retired, not participating in labor market
